Introduction
The combined pulsed Doppler and real-time ultrasound technique enables non-invasive measurement of the fetal blood flow [2, 5] . It can be used in evaluating fetal blood circulation, which may be valuable especially in high-risk pregnancies. Circulatory changes, as detected by Doppler ultrasound technique, often precede abnormalities of the fetal heart rate (FHR) pattern, as subsequently detected by electronic FHR monitoring [12, 14] .
Reports on fetal blood flow measurements in diabetic pregnancy are sparse. KIRKINEN & JOUPPILA [13] recorded umbilical venous flow and VISSER et al. [25] umbilical arterial flow velocity, but they found no abnormalities specific to diabetic pregnancy. In contrast, GILL et al. [6] recorded a high volume blood flow in the umbilical vein.
The present study of a consecutive series of pregnant diabetic women was undertaken to ascertain whether any relationship existed between fetal blood flow and clinical variables in diabetic pregnancy.
Material and methods
Fetal blood circulation was examined in 40 consecutive diabetic pregnancies during the third trimester. Gestational age was determined in all pregnancies by ultrasonic biparietal diameter measurement in the 17th postmenstrual week. Twenty-one women were delivered in Lund and 19 in Malmö. Mean maternal age was 29.2 years (range 19 -39 [20] three women belonged to class A (all gestational diabetes), 10 to class AB (6 gestational diabetes), 5 to class B, 12 to class C, 5 to class D, and 5 to class F.
Diabetic control included checks of glycosylated hemoglobin (HbAic) every 2-3 weeks, values within mean and 2 SD of the general population being considered normal. On this basis, 25 women (62.5%) were satisfactorily regulated during the third trimester.
Coincident complications during the perinatal period are shown in table I. One of 11 women with hypertension had begun antihypertensive medication at the time of blood flow measurement.
Antenatal fetal supervision included electronic FHR monitorings, performed as nonstress tests Perinatal mortality 0 0 a Fetal distress implies any of the following: ominous fetal heart rate pattern in labor, low fetal scalp blood pH, low cord blood pH, or Apgar score < 7. b For reference, see [24] . c Synonymous to wet lung syndrome.
(NSTs). All women had a NST performed within Fetal blood flow was monitored with a 2 MHz one week before parturition. Altogether 670 NSTs pulsed Doppler instrument (ALFRED, Vingmed (range 2 -54 tests/woman) were performed. Ac-A/S, Oslo, Norway) for blood velocity measurecording to our classification system [19] Fetal blood velocity was recorded in: 1) the midFetal distress was defined as the occurrence of part of the descending thoracic aorta; 2) the abominous intrapartum FHR patterns [1, 10] , low dominal aorta 1-2 cm above the bifurcation; 3) fetal scalp blood pH (< 7.25), low cord blood pH the iuträ-abdoffiinäl part of the umbilical vein; (arterial < 7.15, venous < 7.20), or low Apgar and 4) the umbilical arteries in the cord. Only score (< 7).
recordings obtained during fetal inactivity and Mean blood velocity and vessel diameter measurements were used for calculating volume blood flow. The volume flow was related to fetal weight, as estimated from ultrasonic fetometry [23] . The waveform of the maximum blood velocity recorded in the aorta and umbilical artery was characterized by peak velocity, pulsatility index (PI) [8] and rising slope [18] . A schematic drawing demonstrating waveform analyses of these parameters is shown in figure 1 .
A group of 21 healthy women with uncomplicated pregnancies was used as reference group (reference group A). These women were examined longitudinally with ultrasound Doppler measurements every second week during the third trimester [15, 16] . For comparison to the diabetic women, the alterations of those parameters progressively changing by gestational age (volume flow in all investigated vessels and PI in the umbilical artery) were considered.
Blood flow distribution within the fetus was estimated by expressing the flow in the abdominal aorta and umbilical vein, as proportions of the thoracic aorta flow. In the 25 cases where birth occurred within two weeks after the final measurement, umbilical venous flow was correlated to placental weight. A consecutive series of 100 non-
Results
Blood flow measurements are given by test period in table II.
Thoracic descending aorta:
The volume blood flow was consistently higher than in the reference group A, and markedly higher at test I (p < 0.01). At test II, the peak velocity was higher than in the reference group A (p < 0.05).
Abdominal aorta: The volume flow was increased at all three examinations (p < 0.05). At test I, the PI was lower than in the reference group A (p < 0.01).
Umbilical artery:
The PI in the umbilical artery was higher than the reference value (group A) at test III (p < 0.05).
Umbilical vein:
The volume blood flow was higher than in the reference group A at test I (p < 0.05), but normal at tests II and III.
Distribution of blood flow: Blood flow distribution in relation to gestational age is shown in figure 2 . The volume flow in the thoracic descending aorta is given as 100%. At test I (median gestational age 29 weeks), the placental proportion of the thoracic aortic flow was 51%, decreasing to 45% at test II (median gestational age 36 weeks) and to 38% at test III. Corresponding proportions for viscera were 28%, 31% and 27%, respectively; and for lower extremities, 21%, 24% and 35%. Significance of difference vis--vis reference group (unpaired t-test): * 2p < 0.05; ** 2p < 0.01). a For gestational age-dependent variables, separate reference values are given for the three periods of gestation (I, II, III) corresponding to the tests in the diabetic pregnancies.
At test I and II, the distribution of blood flow was the same as in the reference group A. At term, the flow to viscera was 12% lower in diabetic pregnancies than in the reference group A, that to placenta 5% higher, and that to lower extremities 7% higher. The mean placental weight at term in the diabetic group was 656.1 (SD 175.9) g, which was more than in the reference group Β (ρ < 0.02). The umbilical venous blood flow per 100 g placental weight was 46.6 (SD 13.0) ml/min, the difference from the value of 50.9 (SD 6.7) ml/min in the reference group A being non-significant.
The correlation coefficient between recordings of umbilical venous blood flow, taken within two weeks before parturition, and birth weight was 0.53 (reference value for group A 0.45); for placental weight it was 0.81 (reference value for group A 0.83). The differences to reference values were statistically non-significant. women with abnormally high HbAic values had gestational diabetes.
Hypertension:
No blood flow variable was different in the 11 women with hypertension, as compared with normotensive women. One women on βι-blocking therapy at the last flow measurement had normal fetal blood flow.
Antenatal electronic FHR monitoring and fetal distress in labor:
No difference for any flow variable recorded within three weeks before parturition was found between cases with pathological NSTs (7 cases) and those with normal NSTs (26 cases). Similarly, no difference was found between fetuses developing fetal distress in labor (14 cases) and uncompromised fetuses (19 cases).
At term (test III), the volume flow in the thoracic descending aorta in cases developing fetal distress was 264.5 ml/min/kg (SD 43.1; n = 8), as compared with 215.7 ml/min/kg (SD 41.6; n = 14) in uncompromised fetuses (p < 0.01). Corresponding value for the low cord blood pH group was 273.0 ml/min/kg (SD 45.4; n = 6), and for the normal cord blood pH group 221.8 ml/min/kg (SD 41.1; n = 14) (p < 0.05).
The umbilical artery PI was increased at term in fetuses developing distress in labor (mean 1.04, SD 0.24), as compared with the reference group A (p < 0.01). A high PI was found also when comparing for the low cord blood pH group separately (mean 1.10, SD 0.26; p < 0.01). The fetal aortic volume flow was higher in cases of fetal distress than in the reference group A (p < 0.05). A high flow was found also for the low cord blood pH group (p < 0.05).
Birth weight:
The blood flow variables in growth accelerated fetuses (8 LGA) were comparable to normal-weight fetuses except for mean velocity in the umbilical vein at test III, which was increased (p < 0.05). There was no over-representation of LGA infants in any White class or in gestational diabetes, or in the fetuses developing fetal distress in labor. Three of the eight pregnancies resulting in LGA infants were not satisfactorily regulated according to the HbAic values; the aortic volume flow was high (> mean + 2 SD) in two of these three cases.
Discussion
The results of the present study show that the weight-corrected volume blood flow in the fetal aorta and the umbilical vein was higher in the early third trimester of diabetic pregnancies, as compared with the reference group of normal pregnancies. This is interesting with regard to accelerated fetal growth, which frequently occurs in diabetic pregnancy during this period of gestation [4] . Fetal growth may be influenced more by the total amount of substrate crossing the placenta than by the maternal concentration of different nutrients [7] . At term, the flow decreased to nearnormal values. Conclusions must be drawn from the longitudinal changes with caution, however, as it was not all the same women attending all three tests.
Low vascular resistance might be a contributory factor to a high volume flow. The pulsatility index (PI) is an indicator of vascular resistance distal to the point of measurement [8] . In the early third trimester, the fetal abdominal aortic PI in the diabetic pregnancies was lower than in the reference group, whereas PI in the umbilical artery was equal. This points to a possible low vascular resistance in the lower extremities of fetuses in diabetic pregnancy. Near term, the umbilical artery PI was higher in diabetic than in non-diabetic pregnancies, indicating a higher placental vascular resistance in the former group. The high umbilical artery PI occurred in fetuses who later developed distress in labor. Therefore, a high umbilical artery PI cannot be considered characteristic of diabetic pregnancy, although fetal distress in labor might be slightly more common in diabetic pregnancy [21] .
The placenta in normal pregnancy proliferates until the 36th gestational week, whereupon its growth ceases [9] . Placental weight, relative to fetal weight and gestational age, is often above normal in diabetic pregnancies [22] . Also in the present study, the placentas were heavier in diabetic than in normal pregnancies. The blood flow distribution to fetal viscera, lower extremities and placenta, was similar to that in normal pregnancy up to 36 weeks. The proportion to placenta increased slightly near term, probably to the detriment of visceral flow. The umbilical volume flow relative to fetal weight was high, whereas the flow relative to placental weight was normal. The correlation coefficients were similar to the reference values.
KIRKINEN & JOUPPILA [13] found abnormally low umbilical venous flow in diabetic women with severe vascular complications and in association with growth retardation. In the present series, no specific blood flow variations were found with regard to White classes. The number of women with vascular complications (White class F; progressive retinopathy and/or nephropathy) was small, however. Not a single case of abnormally low umbilical venous flow was recorded, which might be explained by the fact that no fetus was growth retarded. The fetal circulation was normal also in women with non-optimally regulated diabetes or with hypertension.
Characteristic changes of the aortic blood velocity waveform [12, 14, 17] and a low umbilical venous flow [11] have been reported as indicators of fetal hypoxia. In the present series, no such flow changes were recorded, suggesting that no case of severe fetal distress occurred antenatally. This is supported by the fact that none of the NSTs was severely pathological.
A high aortic volume flow and high umbilical artery PI was recorded in fetuses developing distress in labor. The high aortic flow might be an expression of an early compensatory mechanism for increased placental vascular resistance, possibly in the form of increased cardiac output. Since fetal distress might be more common in diabetic pregnancy, ultrasonic fetal blood flow measurements are recommended for antenatal fetal surveillance.
Abstract
Forty pregnant diabetic women were examined with combined Doppler and real-time ultrasound. The volume blood flow in the fetal aorta and umbilical vein was higher and the pulsatility index (PI) in the aorta lower in the early third trimester, as compared with a reference group. Near term, the umbilical artery PI was higher in diabetic than in non-diabetic pregnancies, indicating a higher placental vascular resistance in the former group. The high umbilical artery PI occurred in fetuses who later developed distress in labor. Therefore, a high umbilical artery PI cannot be considered characteristic of diabetic pregnancy, although fetal distress might be more common in diabetic pregnancy. In addition, a high aortic volume flow was found in those fetuses who later develop distress in labor. This might be an expression of an early compensatory mechanism for increased placental vascular resistance. No specific flow variation was observed for any White class, or in association with hypertension or non-optimally regulated diabetes. The blood flow variables in growth-accelerated fetuses were comparable to those found in fetuses with normal weight. Since fetal distress might be more common in diabetic pregnancy, ultrasonic fetal blood flow measurements are recommended for antenatal fetal surveillance.
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